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£!L£ whichccogutation is completed. Acor*oldevice is pro- 

Se^^^ c^^rnum range based on a system load curve. In one 

peoance readings, the trnpedance at which tissue treat- in conjunction with a bipolar electrosuraicai instrument 
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im^^eoance level is measured anda function of the site eiectrodee located on one or ir«ra ttssue^ngaii 
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Description 

Field gf the Invtntton 

This invention relates to electrosurgKal tissue treat- 
ment, end in particular, to a memod and apparatus lor 
controlling the electrosurgical treatment of tissue by 
measuring impedance erf the tissue being treated by an 
electrosurgical device 

Background of the Invention 

Electrosurgical generators are used to deliver ther- 
apeutic electrical energy to surgical instruments. These 
instruments are used for example, tor culling, coaguta- 
tton. tissue welding, ablation, and dissection. Both mo- 
nopolar and bipolar generators typically supply electro- 
surgical energy m the radio frequency (RF) range to such 
instruments Usually such generators include controls 
that regulate the voltage endfor current so that a select 
power level is approximately delivered and a maximum 
power level is not exceeded. 

When such RF generators are used, the primary 
control is the experience of the surgeon who responds 
to what is observed to be happening to the tissue as it is 
treated with the RF energy. Often, particularly for endo- 
scopic procedures, surgeons cannot readily see what ts 
happening to the tissue! Also, the change in tissue prop- 
erties due to the RF energy may occur so quickly so as 
not to afford time for the surgeon to react soon enough 
to turn off electrical energy to the instrument As a result, 
some problems which may occur include tissue charring, 
sticking of tissue to the electrodes of the surgical instru- 
ment and over or vrtdf treatment of tissue. 

ft has been recognized that the tissue impedan ce 
changes as RF energy ie applied to the tissue. Attempts 
have been made to control the power delivered to the 
tissue as the tissue i m pe da n ce changes. For example, 
current has been controlled based on the change in the 
voltage c* the pc»wc*irvefed by to 
The differential quotient of tissue impedance as RF pow- 
er b applied to the tissue has been used to determine 
an initial power level and to switch oft RF p owe r when 
the differential quotient of impedance reaches a preset 
value. 

Notwithstanding these control arrangements, there 
is a continuing need lor improvement In the control of 
electrosurgical energy oaliverance to the tissue am** 
Determination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a device and 
method for determining the end point of coagulation lor 
a variety or a range of tissue impedance, due to. e.g.. 
varying tissue composition tissue typos and treated tis- 
sue areas anoVor volumes. 

The present invention relates to a device and math 
od of the type described in EP-A-0 640 317. 



Summary of the Invention 

The present vtvention provides an rnpedance mon- 
itoring device anoVor method which monitors the vnped- 
s ance of tissue between poles of a therapeutic electrosur- 
gical instrument Based on a model of expected tissue 
impedance behavior over time with the deliverance of 
electreeurgical energy, the monitored tissue impedance 
is used to determine tissue status. This will be described 
in mora detail below. A signal Indicating status of tissue 
is provided ether to a user or to an instrument comroser. 
The device may also include a switch which automati- 
cally turns off the electrical energy when treatment is 

In accordance with the pr^mni invention, a tissue 
impedance monitor is provided which continuously 
measures tissue impedance as electrical energy is de- 
livered to tissue. According to known tissue impedance 
models, tissue sipectoncs intiafrydroptas 
ergy is applied and then begins to rise again as coagu- 
lation occurs. The present invention provides tor estab- 
lishing a value for the minimum impedance, ie.. when 

plied. Thee; the rnpedance value anticipated to provide 
the desired tissue effect is determined by calculating a 
selected tunction of the established minimum imped- 
ance. When the measured impedance rises to the level 
of the impedance value for the desired result, eg., co- 
agulation, tissue we t d ri g or a level of diathermy, the in- 
stalment wifi indicate or provide a response lor such 
event. The present invention is preferably adapted so 
that the condition ts detected tor a range of expected tis- 
sue impedances which vanes according to tissue type, 
area anchor volume. 

In a preferred embodiment the desired tissue condi- 
tion is where coagulation is completed. Whan this point 

trot unit or to the user, at which time Vie energy supply 
is switched oft. The feedback signal may. for example, 
provide a visual, audfete or tactile signal to a user. anoVor 
may provide instructions to a control unfttoautcrnatcaty 
turn off energy s upplied to the tissue. 

Optionally, S*»e device may ateo include a switch, 
adapted to turn off electrical energy when a short circuit 
condsion is detected, when an open circus condition is 
detected or when the device is on. i.e.. supplying current 
or votage for a preset maxvnum amount of time. 

In accordance wth one aspect of the present inven- 
tion, an electrosurgical apparatus lor coagulating tissue 
during a surgical procedure comprises an end effector 
with opposing interfacing surfaces which may bs closed 
towards each other to engage tissue to be ele ct ro s urp> 
caiy wealed Preferably the end effector includes first 
and second elements movable relative to one another 
tor engaging tissue to be coagulated therebetween. At 
least one of the electrical poles of thesisirunriertiscojfr 
pnsedol an st e ctr ooe asso ci ated wltt 
fast and iMond ol em cns j . TK* o—otn»dc «• « contact 
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with the tissue to be coagulated. A power controller re- 
sponsive to a power control signal provides RF energy 
to the tissue contact*© electrodes) of the lirst and/or 
second elements. 

Impedance measuring circuitry is coupled to the RF 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the first and 
second poles. Feedback circuitry is coupled to the im- 
pedance meesuring circuitry. The feedback circuitry in- 
cludes a first device lor determritng a minimum imped- 
ence value and holding said minimum impedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining c*- 
cuit determinee a threshold impedance value as a func- 
tion of the held minimum impedance value. 

The threshold determining circuit may comprise an 
analog de\nce lor determining the function of minimum 
' impedance or a digital circuit including, tor example, a 
look up table for determining the threshold impedance 
value based on an input minimum impedance vakjo. 

After a threshold value has been determined, a first 
comparator compares the measured impedance value 
to threshold impedance value and generates a power 
control signal to the power controller to control the RF 
energy deSvered to the tissue upon the condition of, the 
measured wipiiance value exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical- 
switch for selectively supplying RF energy to the instru- 
ment to coagulate tissue positioned between the first and 
second el eme n ts. 

The power controller may selectively switch oft the 
power suppeed to the tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the measured impedance value exceeds the 
threshold impedance value, when an open circuit conat- 
ion or a short circuit condition exists, or rt voltage end 
current is suppeed for a period of time exceeding a max- 
imurn 

Another aspect of the present invention provides a 
control device for bringing the energy output of the gen- 
erator within an optimal range determined by a system 
load curve. The control device usee measured load im- 
pedance to determine the desired energy level output 
and compares the desired energy output to the actual 
energy delivered to a target including tissue. The control 
device takes the resulting comparison and controls the 
generator output accordingly. 

Although the instrument may be a monopolar device 
or a multipolar device mchjdng two or more than two 
poles, the end effector preferably includes twoeiectncel- 
ty opposite electrodes corresponding to two electrically 



on the distal end of the electrosurgtcal device so that 
when the first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance monitor- 
s ing circuit monitors the impedance of the tissue between 
the electrodes during the desvery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold impedance is calcu- 
lated. A comparator compares tf»e measured Impedance 
ro values to the determr>ed threshold impedance value and 
generates a control signal to switch off the RF power de- 
livered to (he tissue, upon the condition of measured im- 
J — the threshold imped a n c e val- 



In the preferred bipolar device, electrically opposite 
electrodes of each of the poles are located on one or 
both of the oppose surfaces. Each of the first and sec- 
ond electrically opposite poles comprises at least one tts 
. -r>>» •toetrodee are 



?5 in one preferred ernbodiment each of the electrodes 
corresponding to the first pole are offset with respect to 
the interfacing surface from each c4 the electrodes cor- 
responding to the second pole. In ©the* words, the elec- 
trodes are offset from each other so that they are not 
20 diametrically opposed from each other on interfacing 
surfaces or they are separated and insulated from each 
other on the same surface. 

m the preferred ernbodrment the eiectrosurgicei in- 
strument compresses tissue in e compression zone be- 
>s tween the first interfacing surface and the second inter- 
lacing surface and applies eloctrtcel energy through the 
cornpression zone. More preferably, the compression 
zone is an area defined by a compression ridge on one 
of the r^terfacing surfaces which compresses ^ tissue 
so against the other interfacing surtace: AHem^lveV or in 
addHion. there may be a cxjmpreseion ridge on both in- 
terfacing surfaces. 

One Ternoodiment includes a culling element asso- 
ciated with an end effector. The cutting element is ar- 
*s ranged to cut tissue at or near fre co ag u tel ion site. Pref- 
erably. the coagulation is completed prior to any me- 
chanical or other cutting at or around the coagulation 
ska. .Once tissue is coagulated or*"- - — " ^ 
element may be used lb cut through e»e < 
AO sue or between two zones of tissue coag 

In another ernboorrnent Ihe heJriostatic device is in- 
corporated into a linear cutter similar to a linear cutting 
mechanical stapler. In this embodiment the hemostatic 
device comprises two subetantialy parallel and ^ 
as ad electrode bare which are a s socia t ed with one pole, 
and a slot lor cutting means to travel between the bare. 
Optionally one or more rows of staples rnay orovioe on 
each side of the slot and bare to provide additional he- 
mostasis. . - 

so In operation, tissue is clamped between two jaws of 
the instrument and electrical energy « Ihe form of radto 
frequency CRF') energy is suppeed to the cotv ^^^ 
tissue to coagulate or cauterize blood vessels afong the 
two substantially pareeel bars. Based on the irrejedance 
modeling of the device with this specific electrode con- 
figjirabon. an appropriate function of the minimum «n- 
pedance is trrarporated wto the impedance J***^* 

circuit to d»l*mw%« an ooomorisrt* #v«iho*d — - 
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(•vol A warning mechanism is used to warn Hie user 
when me impedance is out of range or exceeds the 
threshold impedance level. Also the warning signal may 
be directed to a control circuit or power controller adapt* 
ed to then provide an appropriate nstrument response, s 
inctudrng where appropriate to turn oft the RF energy de- 
livered to the tissue. 

In accordance with another aspect of the present in- 
vention a method of operating apparatus for electrdsur- 
gicalry treeing tissue during surgical procecXjre is pro- 
vided. Accordingly, a preierred method comprises me 
steps ot. applying RF energy to tissue to be etectrosur- 
gieaWy treated by means of an electrostirgical instru- 
ment; measuring the impedance of the tissue between 
electrodes corraspondrig to two poles of the ole ctr o su r- 
gical instrument; generating me impe da n ce signal rep- 
resent* rve of the impedance of the tissue; and control- 
ling the RF energy applied to the etectrosurgtcal instru- 
ment in response to the siipedence signal. 

The step of co n t r oll in g the RF energy applied to me *° 
etectrosurgical instrument may comprise the steps of: 
determining and holding minimum ■npedan p e value; de- 
termtnng a threshold sTipedance value based on a func- 
tion of the minimum impedance value: comparing meas- 
ured impedance values to the threshold impedance vat- 
ue. and generating a control signal to control or switch 
off the power of the controller upon the condition of 
measured impedance value exceeding me threshold im- 
pedance value 

In accordance with yet another aspect of the present m 
invention, a method of operating an electros urgical ap- 
paratus for coagulating tissue during surgical proceeds 
comprises the steps of: providin g an olectrpsyrgical in- 
strument having an end effector comprising the first and 
second tissue engao>i g eurta^ 3 * 
and second tissue engaging surfaces rictudihg thereon 
a tissue contacting etectroito. aa«c«*Ued wim a fM pole 
of an electrosurgical system arid at least one of said first 
and second tissue engaging surfaces containing thereon 
a second tissue contacting electrode associated with a 
second pole of the system: engaging tissue to be coag- 
ulated between the first and second useue engaging sur- 
faces: selectively controlling RF energy suppeed to me 
first and second tissue contacting electrodes for coagu- 
lating tissue posMioned therebetween; measuring the im- 
pedance of the treated tissue: determining and holding 
a minimum impedance value: determining a threshold 
impedance value based on a function of the rrunimum 
impedance value; comparing measured impedance val- 
ues to the threshold impedaoc* valt*. and controlling or so 
switching off the RF energy connected to me lirst end 
second electrodes upon the c ondition of the measured 
impedance value exceeding the threshold impedance 
value. 

Other objects and acVantages of the invention wrl 55 
apparent from the tosowvtg description, me accompany- 
ing drawings and the foeowwig ctavns - 



Brief Description of the Drawings 

Fig. t is a side view of a bipolar endoscopic electro- 
surgical instrument operable in accordance with the 
present invention; 

Fig. 2 is a partial cross-sectional view of the distal 
end of the instrument of Fig. 1 in an open position; 

Fig. 3 is a partial cross-seaionaJ view of the distal 
end of the instrument in Fig. 1 In a dosed, untired 

position: 

Fig. 4 is a partial cross sectional view of the dUtaJ 
end of the instrument in a closed, fired position; 

Fig. 5 is a front cross sectional view of the distal end 
of the instrument of Fig. t along the sne 5-5; 

Figs. 6-9 represent a schematic block diagram ot a 
microprocessor co ntr o ll ed impedance monitoring 
apparatus for controlling the RF energy delivered by 
elect rosurgcei instrument ot Figure 1 r 

Fig. 10 is a schematic block diagram ot an analog 
embodiment of the controller for use vv the appara- 
tus of Figure t; ^; 

Fig. 11 Is a logic diagram of the controller difFig 10 
iSustrating control logic for RF output control; and 

Fig. 12 is a characteristic curve illustrating the 
change in impedance over time during application 
of electrosurgical energy to tissue using the electro- 
surgical instrument ftustrated in Figure 1. 

tilled Deeermttnn nf the Invasion 

While the present invention n generally applicable 
to a variety of electrosurgical instruments bom monopo- 
lar arid multipolar, and both conventwnal and endoscop- 
ic, it w« be et sscno e d herein with reference to a bipolar 
linear cutting instrument 

The primary purpose of the impedance monitoring 
device » to determine whan ma tissue has been treated 
to a desired deV«« Preler^^ 

ed when the tissue has been cauterized and before ex- 
cessive tissue sticking, burning or charring occurs. The 
impedance of tissue as ft is being heated with electro- 
surgical energy generally follows a characteristic useue 
vnpedance curve. According to the impedance curve, 
generaty the impedance win o^cn^eae. afrive at a mini- 
mum value, and then rise as coagulation andtissue des- 
iccation occurs. At an impedanca or within a range of 
irnpedances on e chajactenstto curve, coagulation wrfl 
predictably occur. 

Figure 12 is a characteristic im ped anc e curve illus- 

tratino Iha eh w o* •« tw«u» imoidane* ttmm. cferrino 
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the application of etectrosurgcal energy using the elec- 
trosurgtcal instrument illustrated in Figs. 1-5. The 
present invention determines a threshold impedance on 
the curve at which coagulation has occurred. Z^,, 46. 
This impedance ts based on the value of the lowest im- 
pedanco on the curve. Z^tS. i e . wfien m© impedance 
has stopped falling and begins to nse. A function of the 
minimum impedance i(Z mim ) b used to approximately 
precfcct a point at which coagulation occurs. 46 

Referring now to Fig. 10 there is isusueted a sche- 
matic block diagram of an analog embodiment of the im- 
pedance monitoring device of the present invention, The 
impedance monitoring device determines when coagu- 
lation is complete as wel as other instrument pararne- 
t ers. for example, if there is an open circuit, short circuit 
or if voltage and current b supplied to the tissue for more 
than a predetermined maximum amount of time Such 
conditions may indicate a problem with the instrument 
anoVor tissue engaged by the instrument. For example, 
if excessive, not enough, or inappropriate tissue is en- 
gaged by the instrument: 

The instrument 10 is positioned to engage tissue to 
be treated. Then, when appropriately positioned.. RF en- 
ergy o supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector 15 of the instrument 10. Pref- 
erably, 30 to 200 volts RMS at a fundamental frequency, 
preferably of a sinusoidal waveform at a frequency of 
about 300 Khz to 3 Mhz is supplied with a current of about 
0. 1 to 4 0 amps. The generator 70 is turned on by a user 
operated switch 42 The user operated switch 42 pro- 
vides a signal to the com rotter 79 to turn on the/energy. 
The output 129 of the controller is coupled to an analog 
swftch 130. When output 129 provides an "RF on* signal 
to the switch. 1 30, an oscttetor 72. coupled to an analog 
multiplier 75 through the switch 130. supplies a votage 
of a known frequency to the analog multipeer 75. The 
output of the analog multiplier 75 is coupled to a driver 
76 which is coupled to the input of an RF ampMier 71. 
An amplified RF . signal is supplied by the generator 70 
to a circuit 80 which includes the first electrode 39 and 
second electrode (anvil 1 8) of the instrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current and voltage delivered to the tissue is 
measured and an RMS current <*I RMS *) andan RMS volt- 
age (*Vrms") ■ oetsrrrwned. 

A voltage and current sensor 61 senses the current 
and votage delivered to the tissue. The voltage and cur- 
rent sensor 61 includes a low impedance current trans- 
former 62 in series win the generator 70; and a high* 
impedance voltage transformer 63 connected in parattel 
across the generator 70. Preferably the current trans- 
former 82 has. for example, a 1 .20 winding ratio and a 
SO ohm resistor in parallel with the secondary of the 
transformer Preferably the votage transformer 83 has. 
lor example, a 20:1 winding ratio and a IK ohm resistor 
in parafief with the secondary ot the transformer. 

The output of the current transformer 82 is cooptod 



to an RMS converter 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative of The output of the voltage trans- 
former 83 is coupled to an RMS converter 85. The RMS 

5 converter 85 converts the vottage signal into an DC sig- 
nal and provide output 87, representative of 

The measured impedance. Z. ts then calculated 
from the measured l RMS and V ftus . The outputs 87. 85 
of V RMS and I * us ara supplied to an analog divider 68 

i0 which divides the V^, by the current l^^ to provide 
an output signal 89 representative of the measured im- 
pedance. 2. 

From the l*j«a. v mms and measured impedance. Z. 
the impedance monitoring device determines whether a 

is ehort circuit or open circuit condrtion exists, whether volt- 
age and current has been delivered for an amount ot time 
exceeding a predeternwned maximum, and whether co- 
agulation ts comple te. 

A short circuit condr ti on is determined by comparing 

so. the measured impedance. 2. to. a predetermined short 
circuit impedance threshold at or below which short cir- 
cuit is likely to exist (*Zsc*)- If the measured Z is at or 
below the Z^, a short circuit signal is provided to the 
controller. 

2S The impedance signal 89 Is input to a sfion circus 
detector 90 composed of a comparator. The positive in- 
put 92 of the comparator b connected to a potentiometer 
93 which sets the threshold impedance. When the 
»npedance signal 89 causes the input at the negative 

30 input 94 of the comparator 91 to be lower than that ot the 
positive input 92. an •on* condition occurs at the output 
95 of the comparator 91 : This condition *« corrvnunicated 
to a logic controier 79 which provides a preprogram me d 
rnsUument response, which, in this embodiment, in- 

3S eludes turning off RF energy. 

An open eweus condition exists if there is a vottage 
between the electrodes 18. 39. and no current An open 
circuit is determined as Inflows: If the V nMS ts above a 
predetermined minimum threshold indicating a voltage. 

40 V*irw*h> **** m * , hms » berowa preo^terrroned minimum 
current threshold indicating a current \+ trmuh . then an 
open circuit signal is provided to a controller. 

A current threshold detector 108 includes a potenti- 
ometer 107 coupled to the negative input 106. The po- 

4S tentiometer 107 sets the 1**^*, level so that when a cur- 
rent is present, the current detector 106 wffl indicate as 
such. The t rms signal 86 is connected to the positive in- 
put 109 ol the comparator 106. Thus, when the 1*)*$. • 
greater than the value. I*,**/ set by the potentlorneter 

so i07. a positive vottage appears at the output 110 61 the 
current threshold detector 106. 

Similarly, a voltage threshold detector 113 includes 
a potentiometer 1 1 4 connected to the negative input 1 1 5. 
The potentiometer 114 sets tie votage threshold at 

55 which the threshold detector 113 registers • positive ©ut- 
put. V^, when a minimum vottage is present. The 
Vrms siQnal is input to the positive input 116 of Vie 

thraclvsfc! dot actor 113 Thot. If tn* ^nma * ** ** *** *** 
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v *f*«h sot by the potentiometer 114. a positive voltage 
will appear at the output 11 7 of the voftage threshold de- 
tector 113 

The output 1 1 7 of the voltage threshold detector 1 1 3 
is etso coupled to an AND gate 111 and the output 110 s 
of the current threshold detector 106 is coupled to an in- 
verted input 112 of the AND gate ill. The AND gate ill 
acts as an open circuit detector. When the exceeds 
the V ArM and where the 1,^ does not exceed I**..*, 
a logic 1 will appear at the output 120 of the AND gate >o 
111 indicating an open circuit. The output 1 20 of the AND 
gate ill is coupled to the controller 79 to communicate 
me open circuit statue. 

It current or voftage is suppled an extended period 
ot time and a coagulation complete condition has not 
been detected, it may indicate, for example, that the in- 
strument is not clamped on tissue or that a malfunction 
has occurred. If the V mdS is above the predetermined 
v tfmh ot the ts*ts » above then a timer is turned 
on. I! the timer is on for a period ot time greater than a *° 
predetermined maximum amount of time. T^. then a 
tsne over signal » provided to the controller. If the dura* 
j lion of the timer on is not greater than then the de- 
vice continues to supply current to the tissue and con- 
tinues to measure current, voltage and impedance, etc. 25 
as described above. 

The output 1 1 0 of the current threshold detector 1 06 
is coupled to an OR gate 118 which is coupled to a timer 
121 If the laug exceeds the the output 110 of the 
current threshold detector 108 will present a logic 1 to *> 
the OR gate 118 which will then turn on the timer 121 . 

Similarly the output 11 7 of the voltage threshold de- 
tector 1 13 is coupled to the OR gate 118. If the is 
exceeded by V^. the OR gale 116 witt present a logic 
1 al its output 11 9 and turn on the timer 121. The output as 
123 of the timer 121 is coupled to the controller 79. When 
the timer 121 has been eclrvaied for an amount of timo 
that exceeds a preset threshold time. T^. the output 
123 w* be a logic 1 . The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset input 
122. when the instrument 10 is reset. 

A coagulation complete condition is determined as 
foftows: First. Z*** is determined. Then, a target xnped* 
ance at which coagulation is complete. 2^^. a calcu- 
lated as a function of the minimum impedance. The initial ** 
*mpedanc», Z^*. Z^^. slope of the impedance curve, 
and time to complete may vary tor a given application 
and/or instrument, but tend to correlate to a function of 
minimum mpedance. Oepending on the rtstrument used 
andAx the actual desired result the actual function of so 
mnimum xnpedance may van/. In this particular embod- 
***** HZ**) is inear; f(Z^ m ) = 0.22 + 500 This function 
is bound, i.e.. where Z„ im is > 560 ohms, then Z^., is 
Z^ ♦ SO ohms. f(7,»..) may be a dXferent function. It 
may be eontnuous. non-continuous, linear, non-linear, a 55 
ptecewise approximation and/or in the form of a look-up 
table. HZrr*,) may also be bound at different values. 
The i mpe dan ce signal 89 is used to determine tissue 



coagulation as foftows: First, a determination is made 
whether the measured Z is a minimum impedance. Z mtn . 
The xnpedance signal 89 is inverted and offset by a gain 
offset inverter 96. The output of the gain offset inverter 
96 is in turn is coupled to a peak detector 97. The output 
102 of the gam onset inverter is representative of an in- 
verted and offset measured Z. i.e.. (-Z+k). will now 
be the highest offset value of (-Z ♦ k) encountered. 

The peak detector 97 thus detects and holds the 
highest value of me rnverted and offset measured imped- 
ance, Z. which is Z^. When Z^ has occurred, the out- 
put 103 of the peak detector 97 is representative of (-2^ 
' *k) RFejiiMgy is continued to ^ 
and the rnontoring for short circuit, open circuit and time 
over as wed ae looking for e Z^ contsu>e« until a Z is 
equal to Z^^ 

When the Z^ has been determmed, function of the 
Z mmt (I (Z,,^) is calculated to provide a irnpedance, 

at which treatment (coagulation) Is completed The 
output I03of the peak detector 97 is coupled to a thresh- 
old determining circuit 98 which caJcutales the function 
of Z^ to determine the Z iM9 ^ mt The output 99 of the 
threshold determining circuit to representative of Z taf9#l 
when the measured impedance is equal to 2^. 

A continuous comparison is made between Z and f 
It should be noted here that f (Z^) is continuously 
caJcutated as f (Z) unti a Z^m is detected. The cornpari- 
son is continuously made between Z and f(Z) untl Z^ 
is determined. This does not have a significant conse- 
quence, however, because It b anticipated that f(Z> will 
be larger than Z during tissue treatment and a premature 
coagulation complete signal therefore wil not occur. 

If measured Z is less than or equal to the then 
RF energy is continued to be suppled and steps de- 
scribed above are carried out until a signal has been pro* 
vioedtothecontrosef^themisanopencx^ 
short cvcuit signal, a time over signal, or a coagulate 
complete signal It the measured Z is greater than or Is 
equal to *Z ter p rt * then a signal is provided to the controller 
that coagulation has been completed. Again it is noted 
that in this embodiment, Z has been imrerted and shifted 
in order to accommodate Z^ determination via the peak 
detector 97. The impedance values referred to in this 
paragraph are the actual impedance values 

The output 99. 2^^ of the threshold determining 
circuit 98 is coupled to the positive input 101 of a com- 
parator OP amp 100. The output 102 of the gain offset 
inverter 86 is coupled to the negative input 104 of the 
comparator tOO. The comparator 100 compares me -Z 
♦ k representative value which is input to me negative 
tnput 1 04 of the comparator 100. to the Z^^, represent- 
ative value which is calcutated as e function of * k. 
if -Z * k is less than or equal to the Z^,^ the comparator 
output 105 will be positive. That o. if the measured Z to 
greater than ffZ^), a coagulation complete signal will 
appear at the output 105 of the comparator 100. 

A sxjneJ rs provided to a controtter tor each condition 



o 



02/28^9*? 12:11 PEEE'FAX - 914153253057 



NO. 138 P037/04O 



11 CP 0 703 461 A2 12 



The existence erf one or more of these conditions the RF 
energy is automatically turned otf by the controller. Fig. 
11 illustrates the system lege of the controller 79 The 
controller 79 includes a short circuit input 1 24. a coagu- 
lation complete input .1 25. an open circuit input 1 26 and * 
a tme out input 127. as weH as a reset input 129. The 
controter 79 also includes a HF control output 129 which 
switches on and/or otf the RF generator delivery ol eiec- 
irosurgical energy to the tissue. As long as the output 
129 is a logic .1. the RF is on. The output 129 is a logic '0 
1 when coagulate complete 125. time out 127, short cir- 
cuit 124. the open crcut 126 and the reset input 128. 
are all at a logic *0*. II any one or more of the Inputs 124. 
125. 126. 127; 128 are eta togcM." the RF control output 
129 is a logic *0 m and the RF is turned otf. ,5 

A preferred embodiment provides a control device 
which controls the generator energy output based on 
load impedance The load mpedance is used to deter- 
mine a preferred energy level, e.g., voltage, current or 
power level, based on a specific system toad curve for a 20 
generator, instrument andVor application. The control de- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs the generator output according to the difference bar 
tween the two, i e .. preferably to minimize the difference 25 
between the two. 

The specific load curve preferably leflectt the volt- 
age, current. . power, f or , a ra/>ge of irnpedance that win 
optimize performance of the instrument. The toad curve 
may have various forms, lor example, it may beconlin- » 
uous or may be stepped. The load, curve may vary from 
generator to generator, tor a particular instrument in use 
with the generator, or for a particular etectrosurgicel ap- 
plication of the generator. For example, in a one embod- 
iment using an instrument r such as cfcscnbed herein. 35 
three impedance ranges have been identified at which 
different energy requirements exist: Initially tissue im- 
pedance is in a lower range, e.g.. approximately 20 to 
100 ohms. In the lower ranges, more current is required 
to provide enough power to initiate tissue coagulation. A " 
second, mid-range of irr^edances. e.g.. appfoximalety 
100 to 500 ohms, requires enough power to maintain tie 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coagulation, 
e.g. . approximately 500 ohms and above, requires the «* 
voltage be lirnrted to prevent sparking and tissue sticking. 
Thus the system toad curve in this embodiment would 
reflect both the inherent characteristics of the generator 
and vofcage output at which optimum power « detorered 
for a particular vnpedance. as weft as the specific power 
requirements for a predetermined instrument and appto- 

Reterhng to Fig. 10. a generator with a servo loop 
control device, is illustrated The impedance signal 89 
and the votageVRM* signal 87 are fed back to the gon- « 
erator 70 through a control device which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device causa* tfta oanarafior 70 to oroduce vofl- 



ages within a desired range based on a toad impedance 
fit to a specific load curve 

The impedance 89 is fed to a function fitting device 
61 . The output 64 of the function fitting device 61 repre- 
sents a desired voltage based on the input impedance 
89. This desired vottage function is the voltage required 
for the generator 70 to produce a particular, ore-deter- 
mined toad curve. Desired voltage output 64 along with 
actual voltage is fed into an error amplifier 62. The output 
65 of the error amplifier 62 represents an error voltage 
which is fed nto an anatog muttiplter 75 through a diode 
77. 

Alternatively, current, power or another energy pa- 
rameter may be used to control the output of the energy 
source or generator 70. A signal corresponding to im- 
pedance of the target is input into the function fining de- 
vice which provides a desired current, power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current power or other energy 
parameter. 

The diode 77 ensures first quadrant operation of the 
analog mutUpser 75. The analog multiplier 75 functions 
as an amplitude modulator of oscslator 72 such that large 
error voltages at output 65 reeul in large outputs from - 
RF amplifier 71 And smaN error voltages of output 65 
result in smaller RF output from RF amplifier 71 . Thus, 
generator 70 acts as a closed-loop servo system based 
on voltage such that a desired load curve is obtained. 
The loop compensation device 63 acts to stabilize the 
servo loop. If an electrical parameter other than votage 
ts usad. the form fitting function preterabty outputs a sig- 
nal reflecting the d iff erence n th e alternative energy pa - 
remoter. 

Referring now to Figures 6-9 a fkm chart elustrates 
a rneftiod for carrying out a microprocessor controlled 
embodiment of the present invention When the system 
is turned on (btock 200). the variables including 2U. 
V^W- time over, and Z^**. are Initialized (btock 
201). The system continues to took for the activation o< 
the RF switch (block 202). When the RF switch is turned 
on. the interrupts are set tor RF Switch (block 203), tor 
Short Circuit (btock 204). and Open Circuit (block 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automatically goes to the instructions 
associated wSh btock 234. ^ 

After the intemipts are set. ma timer is started (btock 
206). A sequence is run to check the RF ampttfier health 
(block 207). e.g.. to took for an Amplifier On signal or to 
check if certain votages are in a suitable range. If the 
amplifier is operating properly. RF energy is turned on 
(blocks 208 and 209). 

. if the amplifier ts not operating correctly, an RF Off 
request is made (blocks 209 and 210) and a Hardware 
Failure Alert flag is set (btock 21 1 ). The system looks for 
a hardware failure flag (block 233). When the hardware 
fatfure is detected, the controller provides a hardware 
failure atari indication and shuts off. (blocks 243 and 

2441 
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If hardware failure re not indicated (block 233). men 

and l^is read (block 235) to determine it any volt- 
age or current is being supplied by the system (block 
236). When the system is first initialized, until the instruc- 
tion to turn on energy tn block 209 ts reached, there 
should be no current or voltage. It there is a voltage or 
current with the RF request off. then there is a hardware 
failure A hardware failure alert is indicated and the pro- 
gram rs stopped ( blocks 24$ and 244). 

if RF energy is turned on (block 209), then the V, m . 
and l M are read and the impedance. Z. is calculated by 
dividing the V„„. by the 1^. (block 212). The controller 
checks to see if the V #MM# and 1^ flags are set. 
(block 21 3). These flags are set when a mvumum thresh- 
old voltage b present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the V M4ia(# and I^m* togs are set (213) the soft- 

* ware looks for a time over condition to determine if the 
device has been on for a period of time in excess of a 

* maximum. If a time over condition is recognized, the tm- 
er flag is set. RF energy is turned off (blocks 218 and 
21 By and a hardware failure check is run (block 233). 

After looking for a time over condition, the controller 
checks for a short circuit or open circuit condition, if a 
short or open circuit exists, the correspo n di ng short cir- 
cuit or open circuit bit is set (block 220). RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233). 

. The cent rotter checks again for V <n>t)l> and l MtMa in 
block 222. before proceeolng to the threshold deterrron- 
ing portion of the circuit illustrated in Fig. 9 If the voltage 
or current did not exceed V tlf ^ #h or i mn9k in blocks 214 
and 216. the controller iterates the sequence beginning 
at block 212 for detecting time over, short circuit, open 
circuit i e . the coagulation complete de tecti o n enable 
This enables the device to wart until enough current and 
voltage is detvered to the circuit to check for the coagu- 
lation complete co ndition. 

r "tithe v^,^ and 1^ flags are set. the short circuit 
and open circuit bits are not set (block 220). and the time 
over condition does not yet exist (block 219). the meas- 
ured, impedance used to determine if coagulation is com- 
plete as follows. 

The Z initial flag ts set during the first iteration and 
is initially assigned the measured impedance value 
(blocks 223-225). Inrbafy. is trie same as the meas- 
ured impedance and thus block 227 is bypassed at block 
226. A calculation is made of f (Z^J (block 226). As long 
as the measured impedance is less than tfte^Z^). the 
sequence is iterated (229. 231). In the next iteration of 
block* 223-231 . the newly measured rrtpedance is com- 
pared to the previous m e asu red impedance which has 
been assigned ? x _ w (block 226). As long as the imped- 
ance o decreassig, Z^*» wm be reassigned the new val- 
ue of foe measured impedance (blocks 226 and 227) and 
the steps repea t ed; When the measured impedance is 
greater than or aouaf tof(Z_._>. • a Vhm Ihfchrttf woad- 



ance. the coagulation complete flag is set (block 230) If 
coagulation complete ftag is set, the RF is turned off 
(block 232) and the hardware failure check is run. 

If after the initial run through the program a hardware 

s failure alert occurs (block 233. 236) or an interrupt oc- 
curs, the program determines the cause and indicates 
as such (blocks 233-242). The V,^ and 1^ are read, 
(block 235) If no currant [or voltage is being delivered to 
the system, the controller checks to see if the open ek- 

ro curt, short circul or time over ftags have been set (block 
237). If so then a signal ino^es wriich flags rarve been 
set. and the program ie returned le start (blocks 240. 
242). Sirn*^. theconl/ofer checks for the coag^ticn 
complete flag (block 239). W there was the coagulation 

rs complete flag has been set * win be indicated for ten 
seconds (block 241 ). if not . * wHl be indicated as not com- 
plete (block 240) and the program will return to point at 
the start (block 242). Preferably the electrical compo- 
nents selected to carry but the steps of Figs 6-9 are 

«> adapted to provide a complete aeration at el the steps 
at least every 1/S0 second. 

Referring now to Figs. 1-5 there is illustrated an in- 
strument to be used in conjunction with the impedance 
feedback device of the present invention. An endoscopic 

25 linear cutting and stapling instrument 10 is shown having 
a housing 16 coupled to a shaft 30 with a tumien extend- 
ing therethrough and an end effector 15 extending from 
the distal end of the shaft 30. Trie end effector 15 com- 
prises first and second elements which are comprised of 

30 interfacing jaw members 32. 34. Jaw member 32 is mov- 
ably secured to jaw member 34. The housing 16 has a 
clamping trigger 1 2 for dostng jaw members 32. 34. Jaw 
members 32. 34 are shown In an undamped position in 
Fig. 2. in a damped position prior to instrument firing in 

ss Fig. 3. and in a ctamped position after instrument firing 
in Fig. 4. 

Jaw member 32 compr is es an anvil 18. U-shaped 
electrode 39 extenolng along the length of the jaw 32. 
and a U-shaped insulatsig material 31 surrounding ths 
40 outside of the electrode 39. Jaw member 32 has an inner 
surface 33 which faces an inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 comprises two elec- 
trically communicating electrode bars 27. 28 forming a 
first pole and located on and extenolng substantially 
along the length of the inner surface 33. The U-shaped 
electrode 39 Is co m p ri se d of a conductor, such as, alu- 
minum or surgical grade stainless steel The bars 27. 28 
are separated by a knife channel 29 extending longitu- 
dinally through the rnidrJe of the electrode 39. Pockets 
so 36 located on anvil 18 for receiving staple ends are lo- 
cated along the inner surface 33. lateral to and outside 
of bars 27. 28. The ele ctro de bars 27. 26 and insulating 
material 31 form a ridge 56 extending out relative to an 
anvil portion 37 of the inner surface 33 (Fig. 5). The alec- 
is trods 39 acts as a first pose of a bipolar system. The anvil 
18 is formed of an etsctiicaJty conductive material and 
acts as a second pole of Vie bipolar system, electrically 

OQpbtSi to fiwt OOft* TK« mmmM tO tm < 
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lated from the electrode* by the U-shaped insulating ma- 
terial 31 

Bipolar energy may be supplied to the end effector 
15 from elect rosurgjcaJ generator 40 (fig. 10) through 
wires 1 9. 20 extending into the body 1 6 of the instrument 
The generator 40 is user controeed by way of switch 42 
(Aq. 10). Wire 1 9 provides electrical current to the elec- 
trode 39 through electrical contact means extending 
through shaft 30. Wire 20 carries a current to the anvft 
18 and is coupled to the anvil 18 through an electrical 
contact means extending through the shaft 30 The elec- 
trical circuit is dosed when and only when the clamping 
trigger 12 is closed. A means of connecting the wire to 
the corresponding electrode as wefl as instrument actu- 
ation means are described in parent application S.N. 
06*095.797. incorporated herein by reference. 

Jaw member 34 comprises a cartridge channel 22 
and a cartridge 23 inserted Into the cartridge channel 22. 
The cartridge 23 Includes a track 25 for wsdgs 1 3. a knife 
channel 26 exterxfog kyigtf^^ 
of the cartridge 23. a senes of drivers 24 extending into 
the track 25 and staples 17 arranged in two sets of par- 
allel double rows. When tissue is engaged between 
clamped jaw members 32. 34. a tiring trigger 1 4 located 
on housing 16 may be actuated to advance a cutting el- 
ement 11 through the engaged tissue to cut the tissue 
Simultaneously when the ftnng trigger 14 is actuated: 
the wedge 13 is advanced through the track 25 causing 
the drivers to 24 to disptoce tow ar d s the staples 17. 
thereby driving the staples 1 7 trough tissue and into an- 
vil pockets 36. 

In operation, the end effector 15 of the instnjment is 
located at a tissue site where tissue is to be treated The 
jaw members 32, 34 ate opened and tissue is men 
placed between the irxerfacing met surfaces 35. 33 re- 
spectively of jaw members 32, ; 34. the c lampi ng trigger 
1 2 is squeezed to cause the jew members 32, 34 to etoee 
to locate and compr ess tissue between the interfacing 
inner surfaces 33. 35. The closure of the damping trigger 
12 also closes the electrical circuft When the tissue has 
been appropriately sAueted between the jaw members 
32. 34, a user may apply RF energy from the generator 
40 usvtg a user activated twitch 42. Current ftows 
through the compressed tissue between the electrode 
39. i.e.. the bars 27. 28. and the anvi 18. 

After the RF energy is turned off. me controller indi- 
cates the instrument status, e.g.. open circuit, short cir- 
cus, coagulation complete, time over. If the coagu lat ion 
complete status is indicated, the firing trigger 14 may be 
ac tu a te d to a d v ance cutting element 11 through knife 
channels 26, 29 to cut engaged tissue between the bam 
27. 28 where the tissue has been cauterized Simultane- 
ously, the firing trigger 14 advances the wedge 13 
through track 25 to advance drivers 24 to fire staples 17 
through tissue and into p o ck ets 36 of the anvH 1 8. Thus, 
the cut arte is lateral to the coagulation snes termed by 
the bar slsrtrnrfni 27, 28 and staples IT ere applied into 
tangmjcbnaSy double row on mmc*\ mid* of *>• cutting #t- 



25 



ement 11 as the cutfvtg element 11 cuts the tissue. 

The invention described and the specific details and 
the manner in which it may be carried out having been 
exemplified it wfll be readily apparent to those exited In 
s the art that innumerable variations, modifications, and 
exlensicTOOfthebe*«;princir^ 
without dopartrxj from tfte spirit and scope of the present 
invention. The impedance . feedback system as de- 
scribed above is used to indicate when sufficient cauter- 
io itatton hoe oc cu r r ed. When coagutabon is complete, a 
signal may be provided by a controller to a user, or a 
cunuoHer may automatically turn off the RF energy. Oth- 
er signals may be provided to an instrument user as wel. 
For example a tone correaponding to the measured kit- 
's pedance may be provided to a user to audt>V mentor 
the change in impedance. 

It is also intended that thte devk^end/or method be 
used weh numerous types of eiectrosurojcaJ instruments 
vtduoVng monopolar, bipolar arid multipolar configure* 
*o bona; The imp ed anc e f eedb ack eystemmay be included 
in part or in whole with the actual instrument, ae a sep- 
unit and/or with the energy source or generator. 



.A control device composing:. - 



caxuitry adapted to 



a fleaue Iraatinn portion of a auss leal 
instnjment and to an energy source adapted to sup- 
pry therapeutic electrosurgicai er»ergy to said alec* 



an energy contiul signal adapted to control RF 
energy supplied from eeJd energy source to i 



wherein eakJ Impedance measurement ck- 
cuttry ie adapted: 

to measure the impedance of tissue engaged 
40 by said tissue-treating portion of saxf surrj)caJ Instru- 



to dels finite a minimum impedance value; 

to determine a target impedance value as a 
function of said mkwnum impedance value: 
45 to compare measured impedance values to 

said target impedance value; and 

to alter said energy control signal when said 



2. The control device of daim 1. wherein < 
ance measuring circuitry includes: 

a first device for determining the minimum 



a second device coupled to said first rJevicefor 
determining tie target impedanc e value ae a func- 
tion of said minimum impedance value: and 
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6. 



ance values to said target impedance value and for 
generating a signal indicating whether said meas- 
ured impedance value exceeds said target imped- 
ance value. 

5 

3. A control device adapted to be coupled to an energy 
source for providing eleclrosurgical energy to tissue 
to be treated, the control device compnasng: 

a first input for receiving at toast one of a first 
signal representative of voRage delivered from said »> 
energy source to said tissue and a second signal 
representative of current delivered f rom said energy 
source to said tissue: 

a second tnput for receiving a Ihsd signal rep- 
resentative of a target impedance for said tissue on 
the energy source, determined front the first and 
second signals; and 

a function fitting device for providing a fourth 
signal representative of desired energy output 
according to a system load curve, the fourth signal a© 
responding to desired energy output for the tar- 
get toad impedance represented by the third signal; 

wherein said control device is adapted to: 

control energy output by the energy source 
based on the third signal representative of the load 2S 
impedance: and 

control the energy source to bring electrosur- 
gical energy delivered by the energy source to the 
larget w*Wn a range of desired energy output based 
on said system load curve. *> 

4. The control device of claim 3 which includes a com- 
parison device for comparing said fourth signal, rep- 
resentative of desired energy output, to at least one 
of said first and second signab. said comparison J* 
device being adapted to provtfe a control signalfor 
controMrtg said energy source: 

S; The control devee of claim 4, wherein said control 
< Signal represents a difference between said fourth *o 
signal and said at feast one of said first and second 
signals. 



A generator for providing etectrosurgacal energy to 
an electrosurgical device said generator compris- 
ing; 

i electrosurgical energy source lor providing 
electrosurgical 



trodes adapted to contact tissue to be treated and 
to cause electrosurgrcal energy to be conducted 
between said electrodes through said tissue: and 

a control device according to eny one of claims 
1 to 5. 

wherein the control device is adapted to con- 
trol the output of said electrosurgical energy 
between sad electrodes. 

6. An electrosurgical device tor treating tissue during 
an electrosurgical procedure, the electrosurgica) 
device comprising: 

etectricaly isolated first and second elec- 
trodes adapted to contract tissue to be treated and 
to cause electrosurgical energy to be conducted 
between said electrodes through said tissue: 

an electrceurgicaJ energy source for providing 
said eleetrcaurgtcal energy to said electrodes; and 

acont/oi device according to any one ofdavns 
ItoS. 

wherein said control device is arranged to con- 
trol the output from said electrosurgica* energy 

tot * ' ' 



9. The electros ur g i ca l device of claim 7 or 8. wherein 
said first electrode is located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 

10. The electrosurgical device of claim 9. wherein eaid 
second electrode is located on the other one of said 



It. 



The electrosurgjcaJ device of ctaim 9. where in: 

said first and second elements each com- 
prises an interfacing surface for engaging tissue to 
be electfosurgicaily treated. 

said first and second electrodes each com- 
prises one or more electrode elements located on 
said interlacing surfaces: and 



offset from one another with respect to said tnterf ac- 



a control device according to any one of claims so 
1 to5. 

wherein the control device is arranged to con* 
trot the output of said energy source 

7. . An electrosurgical device for treating tissue during 55 
a surgical procedure, the electrosurgical device 



isolated first and second elec- 
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